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A comparison of taxes and tradable permits in national climate policy
$EVWUDFW
This article discusses domestic climate policy design in a country that has made a binding
commitment to the Kyoto Protocol but at the same time want to limit the number of industry
shutdowns that follows from the policy. It is furthermore considered how public budget
constraints might affect climate policies.
The similarities between an optimally-designed taxation regime and a domestic tradable
permit regime that is integrated into the international permit market are brought into focus.
The similarities presuppose a greenhouse gas tax that fluctuates in accordance with the
international permit price. It is argued that climate policy can generate double dividends, but
that the allocation of free permits reduces these dividends.
It is concluded that some organisations promotion of systems tradable permits, with
distribution of permits free of charge, as an alternative to carbon taxes must be understood
from their effect on income distribution. *
                                                
*
 The paper is to a large extent based on an article, Holtsmark (1999), written in Norwegian and prepared for
presentation at a seminar held by the Norwegian Ministry of Finance in November 1998. I gratefully
acknowledge Lynn P. Nygaard’s translation to English. Valuable comments on the Norwegian article from
Cathrine Hagem, Michael Hoel and Jon Vislie were also appreciated.
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Fkdswhu 4
EDFNJURXQG DQG UHVHDUFK TXHVWLRQV
Wkh N|rwr Surwrfro vhwv txrwdv iru wkh hplvvlrq ri juhhqkrxvh jdvhv lq 6; lqgxvwul0
dol}hg frxqwulhv iru wkh shulrg ri 533;  53451 Wkh djuhhphqw/ krzhyhu/ lv  h{leoh
lq wkdw lw rshqv iru hplvvlrqv wudglqj1 D mrlqw lpsohphqwdwlrq phfkdqlvp dqg wkh
Fohdq Ghyhorsphqw Phfkdqlvp zloo vxssohphqw wkh ruglqdu| pdunhw iru shuplwv1W
Wkh wrslf ri wklv sdshu lv folpdwh srolf| ghvljq lq wkh 6; lqgxvwuldol}hg frxq0
wulhv zlwk vhw txrwdv1 Wkh dqdo|vlv dvvxphv wkdw wkh N|rwr Surwrfro lv udwlhg e| d
vx!flhqw qxpehu ri vwdwhv wr hqwhu lqwr irufh1 Wkh wzr pdlq frvwhhfwlyh folpdwh
srolf| rswlrqv duh d uhjlph edvhg rqo| rq juhhqkrxvh jdv wd{hv ru grphvwlf pdunhwv
iru hplvvlrq shuplwv1 Wkh sdshu frpsduhv dqg hydoxdwhv wkhvh wzr rswlrqv/ wdnlqj
lqwr dffrxqw wkdw wkh sxeolf vhfwru kdv exgjhwdu| frqvwudlqwv dqg wkdw wkhuh duh frvwv
uhodwhg wr wkh jhqhudwlrq ri sxeolf ixqgv wkdw duh kljkhu wkdq xqlw|/ fi1 Edoodug dqg
Ixoohuwrq +4<<5,1 Wkh dqdo|vlv hpskdvl}hv wkh lpsruwdqfh ri dffrpprgdwlqj wkh
sxeolf vhfwru*v exgjhw olplwdwlrqv lq wkh ghvljq ri folpdwh srolf|1
Li grphvwlf shuplw pdunhwv duh hvwdeolvkhg/ wkh| fdq eh lqwhjudwhg lqwr hdfk
rwkhu dqg wkhuhe| frqvwlwxwh dq lqwhuqdwlrqdo shuplw pdunhw1 Li shuplwv duh iuhho|
wudgdeoh dfurvv qdwlrqdo erxqgdulhv/ wkh shuplw sulfhv zrxog kdyh wr eh wkh vdph lq
wkh glhuhqw grphvwlf pdunhwv1 Wklv zrxog dovr eh d frvwhhfwlyh vroxwlrq ehfdxvh
lw hqvxuhv wkdw wkh pdujlqdo frvwv duh wkh vdph lq doo frxqwulhv/ dqg dovr ehwzhhq
glhuhqw hqwhusulvhv zlwklq hdfk frxqwu|1 Wklv duwlfoh frpsduhv wklv w|sh ri lqwhuqd0
wlrqdo v|vwhp zlwk d frvwhhfwlyh grphvwlf wd{ v|vwhpv1 Wkh v|vwhpv* delolwlhv wr
jhqhudwh grxeoh glylghqgv duh frpsduhg/ dqg wkh frqfhsw ri grxeoh glylghqg lwvhoi
lv uhh{dplqhg1 Ilqdoo|/ wkh sdshu glvfxvvhv xqghu zkdw frqglwlrqv wkh doorfdwlrq ri
iuhh shuplwv fdq klqghu up forvxuh1
Wklv duwlfoh grhv qrw dwwhpsw wr hqwhu lqwr d jhqhudo glvfxvvlrq ri lqvwuxphqwv
iru plwljdwlqj hqylurqphqwdo sureohpv/ vxfk dv wkdw zh qg lq Krho +4<<;,1 Udwkhu/
lw frpsduhv fhuwdlq dvshfwv ri wudgdeoh shuplw dqg wd{dwlrq uhjlphv dv lqvwuxphqwv lq
wkh frpsoldqfh zlwk wkh uhtxluhphqwv ri wkh N|rwr Surwrfro1 Wkh duwlfoh ixuwkhu glv0
Wkh N|rwr Surwrfro vwdwhv wkdw lqgxvwuldol}hg frxqwulhv zlwk dq hplvvlrqv txrwd pd| dftxluh
dgglwlrqdo shuplwv iurp rwkhu lqgxvwuldol}hg frxqwulhv e| qdqflqj vshflf hplvvlrqv0uhgxflqj phd0
vxuhv lq wkhvh frxqwulhv1 Wklv lv fdoohg mrlqw lpsohphqwdwlrq1 Wkh surwrfro dovr hvwdeolvkhg wkh Fohdq
Ghyhorsphqw Phfkdqlvp/ zklfk lv ghvljqhg wr eh d wrro iru doorzlqj lqgxvwuldol}hg frxqwulhv wr dovr
dftxluh shuplwv e| qdqflqj vshflf hplvvlrqv0uhgxflqj phdvxuhv lq ghyhorslqj frxqwulhv1
9 Edfnjurxqg dqg uhvhdufk txhvwlrqv
fxvvhv krz wkhvh lqvwuxphqwv vkrxog eh ghvljqhg lq d vlwxdwlrq zlwk d zhooehkdylqj
lqwhuqdwlrqdo shuplw pdunhw1
Wkh duwlfoh lv vwuxfwxuhg dv iroorzv= Fkdswhu 5 suhvhqwv d prgho ri d frxqwu|
zlwk rqo| d grphvwlf juhhqkrxvh jdv wd{ dqg qr grphvwlf shuplw pdunhw1 Dq lqwhuqd0
wlrqdo shuplw pdunhw lv qhyhuwkhohvv dvvxphg wr h{lvw/ dqg wkh frxqwu|*v jryhuqphqw
lv dvvxphg wr eh wudglqj lq wklv pdunhw1 Fkdswhu 6 lqwurgxfhv wkh qrwlrq ri ehkdylru
lqwr wkh prgho dqg vxjjhvwv dq rswlpdo wd{ uxoh rq juhhqkrxvh jdv hplvvlrqv jlyhq
wkh uhtxluhphqwv ri wkh N|rwr Surwrfro dqg wkh h{lvwhqfh ri dq lqwhuqdwlrqdo shuplw
pdunhw1 Fkdswhu 7 dgdswv wkh prgho wr d vfhqdulr zlwk d grphvwlf shuplw pdunhw
wkdw lv lqwhjudwhg lqwr wkh lqwhuqdwlrqdo shuplw pdunhw1 Fkdswhu 8 uhh{dplqhv wkh
qrwlrq ri grxeoh glylghqgv1 Fkdswhu 9 orrnv dw wkh uhodwlrqvkls ehwzhhq iuhh shuplwv
dqg up forvxuh1 Ilqdoo|/ fkdswhu : surylghv vrph frqfoxglqj uhpdunv1
Fkdswhu 5
WKH EDVLF PRGHO
Wkh prgho suhvhqwhg lq wklv dqg wkh qh{w fkdswhu suhvxssrvhv wkdw zh duh vwxg|lqj d
vwdwh zlwk erwk d sulydwh dqg d sxeolf vhfwru/ exw zkhuh rqo| wkh sulydwh vhfwru dfwv
dv wkh vrxufh ri juhhqkrxvh jdv hplvvlrqv1 Lq wkh uvw vfhqdulr suhvhqwhg/ rqo| wkh
jryhuqphqw dfwv lq wkh lqwhuqdwlrqdo shuplw pdunhw/ zkloh wkh sulydwh vhfwru lv fxw r
iurp vxfk wudglqj dqg lqvwhdg sd|v d juhhqkrxvh jdv wd{ wr wkh vwdwh1 Wklv lv fdoohg
wkh wd{dwlrq uhjlph1 Lq frqwudvw/ fkdswhu 7 orrnv dw d vfhqdulr lq zklfk sulydwh
upv pd| dovr sduwlflsdwh gluhfwo| lq wkh lqwhuqdwlrqdo shuplw pdunhw dqg zkhuh wkh
juhhqkrxvh jdv wd{ lv uhsodfhg e| dq reoljdwlrq wr dftxluh shuplwv rq wkh pdunhw lq
rughu wr kdyh wkh uljkw wr hplw jdvhv1 Wklv lv fdoohg wkh shuplw uhjlph1
Wkh prghov dlp wr lqfrusrudwh/ lq d vlpsoh zd|/ wkh frvwv ri jhqhudwlqj sxeolf
ixqgv lqwr wkh prgho1 Wklv lv dfklhyhg e| ohwwlqj wkh ydoxh dgghg jhqhudwhg e|
surgxfwlrq lq wkh sulydwh vhfwru eh dhfwhg qhjdwlyho| e| wkh dprxqw ri uhyhqxh wkh
sxeolf vhfwru wdnhv rxw ri wkh sulydwh vhfwru rq wrs ri wkh uhyhqxh jhqhudwhg iurp wkh
juhhqkrxvh jdv wd{1
Ohdylqj dvlgh iru wkh prphqw wkh lvvxh ri ehkdylru/ zklfk zloo eh glvfxvvhg lq
wkh qh{w fkdswhu/ wkh prgho ri wkh wd{dwlrq uhjlph lv dv iroorzv=
T ' ZR n ZJ +514,
ZR ' Ee b- |e-c Ee : fc Ee 	 fc b : f +515,
ZJ ' |e n- R^ +516,
ZJ  C +517,
^ ' e ^g +518,
Wkh iroorzlqj yduldeohv duh ghqhg=
; Wkh edvlf prgho
T Qdwlrqdo zhoiduh lqglfdwru
ZR Sulydwh vhfwru surw
ZJ Sxeolf vhfwru qhw lqfrph
R Shuplw sulfhv rq wkh lqwhuqdwlrqdo pdunhw
^ Dprxqw ri lpsruwhg juhhqkrxvh jdv shuplwv
e Grphvwlf juhhqkrxvh jdv hplvvlrqv
^g Qdwlrqdo txrwd ri juhhqkrxvh jdv hplvvlrqv lq wkh N|rwr Surwrfro
| Wd{ udwh iru juhhqkrxvh jdv hplvvlrqv/ lqfoxglqj wkh vfdo wd{/ |8
|8 Ilvfdo wd{ rq juhhqkrxvh jdv hplvvlrqv
- Rwkhu uhyhqxh iurp wkh sulydwh vhfwru
b Pdujlqdo h{fhvv exughq ri wd{dwlrq
C Uhtxluhg sxeolf vhfwru qhw lqfrph
Htxdwlrq +514, surylghv wkh wrwdo lqfrph lq wkh hfrqrp| iurp erwk sulydwh
dqg sxeolf vrxufhv/ wkdw lv/ wkh vxp ri surw2qhw lqfrph lq wkh sulydwh dqg sxeolf
vhfwruv1 Htxdwlrq +515, fdofxodwhv wkh surw lq wkh sulydwh vhfwru1 Wkh wzr uvw whupv/
Ee  b-/ wrjhwkhu uhsuhvhqw wkh ydoxh dgghg lq wkh sulydwh vhfwru1 Wkh vhfwru*v
surgxfw lv wkh qxpìudluh1 Wkh ydoxh dgghg lv h{shfwhg wr lqfuhdvh zlwk lqfuhdvlqj
hplvvlrqv> wkh pruh wkdw lv surgxfhg/ wkh pruh jdvhv wkdw duh hplwwhg1 Zlwk wklv
vlpsoh prgholqj/ hplvvlrqv fdqqrw eh uhgxfhg lq dq| rwkhu zd| wkdq wkurxjk fkdqjhv
lq wkh dprxqw surgxfhg1 Wkh prgho kdv qhyhuwkhohvv qrw holplqdwhg wkh srvvlelolw| ri
dedwhphqw wkurxjk fohdqlqj whfkqrorj|/ wudqvlwlrq wr uhqhzdeoh hqhuj| vrxufhv/ hwf1
Vxfk phdvxuhv zrxog dovr lqfxu d frvw lq wkh irup ri uhvrxufh xvh/ wkdw lv/ ohvv qdo
surgxfwlrq ryhudoo1
D fhqwudo dvshfw ri wkh prgho lv wkh vwlsxodwlrq wkdw b : f/ wkdw lv/ wkh dv0
vxpswlrq wkdw li wkh sxeolf vhfwru wdnhv rxw dgglwlrqdo uhyhqxh iurp wkh sulydwh vhfwru
rq wrs ri wkh uhyhqxh iurp wkh juhhqkrxvh jdv wd{/ wkhuh zloo eh ohvv qdo surgxfwlrq1
Ehklqg wklv irupxodwlrq olhv dq dvvxpswlrq wkdw wkh sxeolf lqfrph jhqhudwhg e| wkh
sulydwh vhfwru pxvw frph iurp wd{hv/ zklfk wkhq fdxvhv d orvv ri h!flhqf|1 Htxdwlrq
+515, wkxv lqfrusrudwhv wkh orvv ri h!flhqf| wkurxjk wd{dwlrq1 Wkh whup b uhsuhvhqwv
wkh lqfuhdvhg orvv ri h!flhqf| wkurxjk lqfuhdvhg uhyhqxhv/ l1h1 wkh pdujlqdo h{fhvv
exughqv ri wd{dwlrq1 Wkh h{suhvvlrq E n b wkhuhe| uhsuhvhqwv wkh pdujlqdo frvwv
ri sxeolf ixqgv1 Wkh orvv ri h!flhqf| wkurxjk wd{dwlrq lv lqfrusrudwhg lq d kljko|
vlpsolhg zd|1 Wkh prgho vkrxog wkhuhiruh eh dssolhg zlwk fdxwlrq1 Krho +4<<:,
ghvfulehv d pruh jhqhudo yhuvlrq ri d frpsdudeoh prgho1 Ulqjlxv hw do1 +4<<;, dsso|
d qxphulfdo prgho edvhg rq wkh vdph frqfhsw1
Lw lv lpsruwdqw wr hpskdvl}h wkdw wkh irupxodwlrq ri wkh prgho grhv qrw re0
vfxuh wkh idfw wkdw wd{dwlrq ri juhhqkrxvh jdvhv/ mxvw olnh rwkhu vlplodu wd{hv/ fdq
fuhdwh orvvhv ri h!flhqf|1 Lq idfw/ h!flhqf| orvv iurp wd{dwlrq ri juhhqkrxvh jdv
hplvvlrqv lv lqfoxghg h{solflwo| lq wklv prgho1 Wklv wkhph zloo eh glvfxvvhg ixuwkhu lq
wkh qh{w fkdswhu1
Wkh odvw wzr whupv lq htxdwlrq +515,/ |e  -/ uh hfw wkdw sxeolf uhyhqxh
jhqhudwhg lq wkh sulydwh vhfwru pxvw eh vxewudfwhg iurp wkh ydoxh dgghg lq wkh sulydwh
Wkh edvlf prgho <
vhfwru wr fdofxodwh wkh vhfwru*v surw diwhu wd{1
Htxdwlrq +516, uhsuhvhqwv wkh wrwdo sxeolf vhfwru lqfrph dqg h{shqvhv/ zklfk
duh wkh vxp ri wkh juhhqkrxvh jdv wd{hv dqg rwkhu uhyhqxh iurp wkh sulydwh vhfwru/ ohvv
h{shqvhv lqfxuuhg wkurxjk jryhuqphqwdo sxufkdvh ri shuplwv deurdg1 Htxdwlrq +517,
uhsuhvhqwv wkh sxeolf exgjhw frqvwudlqw/ zkhuh C lv dq h{rjhqrxv yduldeoh1 Htxdwlrq
+518, uhsuhvhqwv wkh N|rwr Surwrfro*v hplvvlrq frqvwudlqw/ jlyhq wkh srvvlelolw| ri
xquhvwulfwhg wudgh lq shuplwv1
43 Wkh edvlf prgho
Fkdswhu 6
WKH QRWLRQ RI EHKDYLRU/ DQG GHVLJQLQJ DQ RSWLPDO
WD[DWLRQ UHJLPH
Wkh prgho lv edvhg rq wzr dvvxpswlrqv derxw ehkdylru1 Wkh uvw lv wkdw wkh sulydwh
vhfwru pd{lpl}hv lwv surw wkurxjk fkdqjhv lq e zlwkrxw wdnlqj lqwr frqvlghudwlrq
krz wklv ehkdylru dhfwv wkh ehkdylru ri wkh sxeolf vhfwru1 Wkxv lq frqfuhwh whupv/
ZR ' Ee |e Enb- lv pd{lpl}hg zlwk uhvshfw wr e zlwkrxw wdnlqj lqwr dffrxqw
wkdw wkh fkdqjhv lq e fdq dhfw - ru | wkurxjk wkh sxeolf exgjhw frqvwudlqwv1 Wklv
ehkdylrudo dvvxpswlrq lv exlow rq dq lqylvleoh kdqg uhdvrqlqj/ vlqfh wkh sulydwh
vhfwru dfwxdoo| frpsulvhv d odujh qxpehu ri dfwruv1 Vlqfh hdfk ri wkhvh dfwruv rq
lwv rzq uhsuhvhqwv rqo| d vpdoo sduw ri wkh zkroh/ wkh dvvxpswlrq lv wkdw wkh| zloo
ehkdyh dv li wkhlu lqglylgxdo ehkdylru zloo kdyh olwwoh ru qr hhfw rq wkh ehkdylru ri
wkh sxeolf vhfwru1
Wkh sulydwh vhfwru*v rswlpl}dwlrq sureohp jlyhv wkh uvw rughu frqglwlrq Ee '
|/ dq htxdwlrq wkdw uhvxowv lq wkh ghflvlrq uxoh=
e ' eE|c eE| 	 f +614,
zlwk wkh dffrpsdq|lqj pd{lpxp surw ri ZRE|c - ' EeE| |eE| E n b-1 Dv
ghvfulehg deryh/ wkh orvv ri h!flhqf| wkurxjk wd{dwlrq ri juhhqkrxvh jdv hplvvlrqv
lv pdgh h{solflw lq wkh prgho1 Wkh uvw rughu frqglwlrq deryh uh hfwv wklv1 Wr zkdw
h{whqw d grphvwlf wd{ rq juhhqkrxvh jdvhv dfwxdoo| uhvxowv lq d orvv ri h!flhqf| ru
fruuhfwv iru pdunhw idloxuh zloo qrw eh glvfxvvhg khuh1 Wkh lvvxh lv dgguhvvhg lq Erkp
+4<<:,1
Wkh vhfrqg ehkdylrudo dvvxpswlrq dssolhv wr wkh jryhuqphqw/ zklfk pd{l0
pl}hv wkh qdwlrqdo zhoiduh lqglfdwru T zlwk uhvshfw wr wkh srolf| wrrov | dqg -/
vxemhfw wr wkh ehkdylru ri wkh sulydwh vhfwru/ wkh sxeolf exgjhwdu| frqvwudlqw/ dqg
wkh uhtxluhphqwv ri wkh N|rwr Surwrfro dv ghqhg e| htxdwlrq +518,1 Wkh jryhuqphqw
wkxv pd{lpl}hv wkh ixqfwlrq T WE|c - ' EeE|b-REeE| ^g1 Lw lv qhyhuwkhohvv
vlpsohu wr vroyh wkh rswlpl}dwlrq sureohp li zh khuh uhfdoo wkdw=
- ' ZJ  |eE| n REeE| ^g +615,
45 Wkh qrwlrq ri ehkdylru/ dqg ghvljqlqj dq rswlpdo wd{dwlrq uhjlph
fi1 htxdwlrqv +516, dqg +518,1 Wkh rswlpl}dwlrq sureohp fdq wkhq eh irupxodwhg dv
iroorzv=
4@ 
|cZJ
T E|c ZJ ' EeE| b|eE| bZJ  E n bREeE| ^g
r| ZJ  C
Ohw wkh vkdgrz sulfh dvvrfldwhg zlwk wkh frqvwudlqw eh >1 Wkh Odjudqjh ixqfwlrq fdq
wkhq eh ghqhg dv iroorzv=
uE|c ZJ ' EeE| b|eE| bZJ  E n bREeE| ^g n >EZJ C
Wklv wkhq uhvxowv lq wkh iroorzlqj uvw rughu frqglwlrqv=
YuE|c ZJ
YZJ
' bn > ' f +616,
YuE|c ZJ
Y|
' EeE|eE| n bEeE| n |eE| E n bReE| ' f +617,
AIurp htxdwlrq +616,/ zh vhh wkdw > @ b1 Vlqfh wkhuh lv d srvlwlyh h{fhvv exughq
ri wd{dwlrq/ wkdw lv b : 3/ dv ghvfulehg lq +515,/ wkh vkdgrz sulfh ri wkh exgjhw
frqvwudlqw lv wkxv srvlwlyh/ dqg wkhuhiruh elqglqj/ lq rwkhu zrugv/ ZJ ' C1
Uhzulwlqj +617, jlyhv=
EeeE| n bEeE| n |eE| ' E n bReE| +618,
Htxdwlrq +618, lv zhoo vxlwhg wr looxvwudwh zkdw kdsshqv zkhq wkh juhhqkrxvh jdv wd{
lv lqfuhdvhg1 Wkh htxdwlrq frxog shukdsv/ krzhyhu/ eh hdvlhu wr xqghuvwdqg li zh uvw
lpdjlqh iru d prphqw wkdw wkhuh lv qr h{fhvv exughq ri wd{dwlrq/ wkdw lv/ wkdw b @ 31
Htxdwlrq +618, wkhq ohdgv wr=
EeeE| ' ReE| +619,
Wkh ohiwkdqg vlgh ri htxdwlrq +619, h{suhvvhv wkh uhgxfhg ydoxh dgghg lq wkh sulydwh
vhfwru dv d uhvxow ri lqfuhdvhg juhhqkrxvh jdv wd{hv1 Wkh uljkwkdqg vlgh ri wkh
htxdwlrq uhsuhvhqwv wkh uhgxfhg frvwv ri shuplw ex|lqj dv d uhvxow ri wkh lqfuhdvh lq wkh
juhhqkrxvh jdv wd{/ vlqfh dq lqfuhdvh lq wkh wd{ uhvxowv lq uhgxfhg grphvwlf hplvvlrqv
dqg wkhuhe| doorzv urrp iru uhgxflqj wkh sxufkdvh ri shuplwv1 Wkh vlpsolhg uvw
rughu frqglwlrq vwdwhv wkdw wkh juhhqkrxvh jdv wd{ pxvw eh vhw vr wkdw wkh pdujlqdo
frvw lq wkh irup ri uhgxfhg ydoxh dgghg lq wkh sulydwh vhfwru pxvw eh htxdo wr wkh
pdujlqdo glylghqg lq wkh irup ri uhgxfhg frvwv ri sxufkdvlqj shuplwv deurdg1
Lw lv/ krzhyhu/ pruh uhdolvwlf wr frqwlqxh wr dvvxph wkdw b : f/ dqg wkhuhiruh
uhwxuq wr htxdwlrq +618,1 Wklv uvw rughu frqglwlrq uh hfwv wkdw grphvwlf hplvvlrqv
qrw rqo| surylgh irxqgdwlrq iru ydoxh dgghg exw dovr sxeolf uhyhqxh/ dqg wdnhv lqwr
dffrxqw wkdw wklv uhyhqxh fdq eh uhf|fohg lqwr wkh hfrqrp| dqg wkhuhe| jhqhudwlqj
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h!flhqf| jdlqv1 Rq wkh rwkhu kdqg/ lqfuhdvhg grphvwlf hplvvlrqv pxvw eh dqvzhuhg
e| sxufkdvhv ri hplvvlrqv shuplwv deurdg/ dqg frvwv dvvrfldwhg zlwk wklv sxufkdvh
pxvw eh lqfrusrudwhg lq wkh sxeolf vhfwru exgjhwv1 Zh wkxv vhh wkdw wkh uljkw kdqg
vlgh lv pxowlsolhg e| wkh pdujlqdo frvwv ri sxeolf ixqgv E n b1 Zh pxvw uhphpehu
khuh wkdw wkh uhjlph lq txhvwlrq lv rqh zkhuh wkh vwdwh xqghuwdnhv wkh sxufkdvh ri
shuplwv rq wkh lqwhuqdwlrqdo pdunhw1 Sxufkdvlqj ri shuplwv pxvw wkxv eh qdqfhg e|
sxeolf exgjhwv/ zklfk pxvw wkhuhiruh devrue wkh h{wud frvwv lq dgglwlrq wr wkh gluhfw
qrplqdo frvwv1 Wkh ohiwkdqg vlgh ri wkh htxdwlrq dovr lqfoxghv d whup wkdw grhv
qrw dsshdu lq htxdwlrq +619,1 Wklv whup uh hfwv wkdw dq lqfuhdvh lq juhhqkrxvh jdv
wd{hv fkdqjhv wkh uhyhqxh lq rz dqg wkhuhiruh qhfhvvlwdwhv wkh lqfuhdvh ru uhgxfwlrq
lq rwkhu glvwruwlrqdu| wd{hv1 Lq wkhru| lw lv xqfhuwdlq zkhwkhu lqfuhdvhg juhhqkrxvh
jdv wd{hv surylgh lqfuhdvhg ru uhgxfhg uhyhqxh1 D fkdqjh lq wkh uhyhqxh lq rz pxvw
lq dq| fdvh eh pxowlsolhg e| wkh pdujlqdo frvwv ri sxeolf ixqgv uhjdugohvv ri zkhwkhu
wkh whup lv srvlwlyh ru qhjdwlyh1
Irupxodv +618, dqg +614, frpsulvh wzr htxdwlrqv wkdw ghwhuplqh | dqg e dv
ixqfwlrqv ri R1 Zlwkrxw ixuwkhu vlpsolfdwlrq/ lw lv qrw srvvleoh wr qg dq h{solflw
h{suhvvlrq iru e dqg | dv ixqfwlrqv ri R1 Zlwk vrph uhirupxodwlrq/ zh fdq qhyhuwkhohvv
ghulyh wkh iroorzlqj lpsolflw h{suhvvlrq iru wkh fruuhfw hplvvlrqv wd{/ |
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Wkhvh lpsolflw h{suhvvlrqv duh xvhixo iru looxvwudwlyh sxusrvhv/ exw gr qrw sur0
ylgh dq h{solflw vroxwlrq vlqfh zh vhh wkdw eE| dqg eE| duh lqfoxghg rq wkh uljkw
vlgh1 Zh fdq qhyhuwkhohvv vhh iurp htxdwlrq +61:, wkdw wkh wd{ vkrxog eh htxdo wr
wkh lqwhuqdwlrqdo shuplw sulfh soxv d vxufkdujh/ |8 1 Zh ixuwkhupruh vhh wkdw li zh
vroyh wkh rswlpl}dwlrq sureohp djdlq/ exw zlwkrxw wkh N|rwr uhvwulfwlrq/ wkh wd{ zloo
eh h{dfwo| |8 / zklfk zh fdq fdoo wkh vfdo juhhqkrxvh jdv wd{1 +Zlwkrxw wkh N|rwr
uhtxluhphqw/ wkh uljkw vlgh ri htxdwlrq +618, pxvw eh }hur1, Wkxv zlwk wkh N|rwr
uhtxluhphqw/ wkh juhhqkrxvh jdv wd{ pxvw eh htxdo wr wkh lqwhuqdwlrqdo shuplw sulfh
soxv d vfdoo| ghwhuplqhg vxufkdujh1 Wklv lv dqdorjrxv wr wkh qglqjv ghvfulehg lq
Vdqgpr +4<:8,/ zklfk ghprqvwudwhv wkdw wd{hv rq remhfwv zlwk qhjdwlyh hqylurqphq0
wdo frqvhtxhqfhv hvvhqwldoo| vkrxog kdyh rqh vfdo hohphqw dqg rqh hohphqw uh hfwlqj
wkh hqylurqphqwdo gdpdjh1 Lq wkh prgho ghvfulehg lq wklv duwlfoh/ Vdqgpr*v hqyl0
urqphqwdo sureohp lv uhsodfhg e| d qdwlrqdo uhvwulfwlrq rq hplvvlrqv1 Lq sulqflsoh/
wklv glhuhqfh lv qrqhvvhqwldo1 Uhjdugohvv/ wkhuh lv d vkdgrz sulfh vwhpplqj iurp
dq hqylurqphqwdo sureohp1
Wkh frqfoxvlrq wr eh gudzq iurp wkh deryh lv qrw/ krzhyhu/ wkdw +61:, dqg +61;,
ghprqvwudwh wkdw wkh N|rwr Surwrfro vkrxog hqfrxudjh d wd{ lqfuhdvh lq dq dprxqw
htxdo wr wkh lqwhuqdwlrqdo shuplw sulfh1 Dv srlqwhg rxw hduolhu/ +61:, dqg +61;, duh
qrw h{solflw vroxwlrqv1 Zh vhh iurp +61;, wkdw wkh vfdo hohphqw ri wkh wd{ pxvw eh
fkdqjhg zkhq wkh N|rwr Surwrfro lv lpsohphqwhg/ xqohvv frlqflghqwdoo| eE|*eE| lv
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frqvwdqw zkhq | lv fkdqjhg1 Ixuwkhupruh/ lq uhdolw| wkh pdujlqdo frvwv ri sxeolf ixqgv
pd| dovr fkdqjh vrphzkdw zlwk fkdqjhg wd{ uhyhqxh/ exw lw lv uhdvrqdeoh wr dvvxph
wkdw wkhvh fkdqjhv duh vr vpdoo wkdw zh fdq ljqruh wkhp khuh1 Wkh fkdqjhv lq eE|*eE|
uhvxowlqj iurp fkdqjhv lq wkh juhhqkrxvh jdv wd{ fdq/ krzhyhu/ eh vljqlfdqw1 Krz
odujh wkhvh fkdqjhv duh dqg lq zkdw gluhfwlrq wkh| sxoo zloo qrw eh glvfxvvhg khuh1
Wkh prgho xvhg khuh lv wrr vlpsoh wr eh deoh wr eh xvhg iru d txdqwlwdwlyh dvvhvvphqw
ri wkh uhodwlrqvklsv ehwzhhq d N|rwredvhg dqg d vfdoo| edvhg wd{ rq wkh vdph wd{
remhfw1
Lpsolflw lq wkh glvfxvvlrq deryh lv wkdw wkh vl}h ri wkh qdwlrqdo txrwd kdv
qr lpsdfw rq grphvwlf srolf| ghvljq1 Lw lv wkh lqwhuqdwlrqdo shuplw sulfh wkdw lv
lq xhqwldo1 Wklv lv uhdglo| dssduhqw iurp wkh uxohv ri ehkdylru ghyhorshg deryh/
zkhuh wkh N|rwr txrwd ^g grhv qrw dsshdu lq dq| ri wkh ehkdylrudo h{suhvvlrqv/ fi1
+614, dqg +618,1 Li wkh juhhqkrxvh jdv wd{ lv vhw lq dffrugdqfh zlwk wkh uxoh h{suhvvhg
lq +61:,/ lw zrxog eh dq lpsuredeoh frlqflghqfh iru grphvwlf hplvvlrqv wr eh htxdo wr
wkh N|rwr txrwd1
Lq wkh glvfxvvlrq deryh/ lw zdv ljqruhg wkdw wkh  xfwxdwlrq lq wkh lqwhuqdwlrqdo
shuplw sulfh lv sureohpdwlf iru d wd{dwlrq uhjlph1 Rqo| zkhq wkh grphvwlf juhhqkrxvh
jdv wd{  xfwxdwhv lq dffrugdqfh zlwk wklv sulfh zloo wkh grphvwlf folpdwh srolf|
eh frvwhhfwlyh1 Lq sulqflsoh/ wkhuh lv suredeo| qrwklqj zurqj zlwk ohwwlqj wkh
wd{  xfwxdwh lq wklv zd|/ mxvw dv wkh fhqwudo edqn ohwv lwv glhuhqw lqwhuhvw udwhv
 xfwxdwh wr/ dprqj rwkhu wklqjv/ uh hfw fkdqjhv lq wkh lqwhuqdwlrqdo qdqfldo pdunhwv1
Lw zrxog/ krzhyhu/ eh dq lqqrydwlrq wr ohw d wd{  xfwxdwh lq wklv pdqqhu1 Lw lv
srvvleoh wkdw wkh hvwdeolvkphqw ri d grphvwlf shuplw pdunhw zrxog lpso| d juhdwhu
kduprql}dwlrq zlwk wkh lqwhuqdwlrqdo shuplw pdunhw1 Grphvwlf shuplw wudgh zloo eh
glvfxvvhg lq wkh qh{w fkdswhu1
Fkdswhu 7
DGMXVWLQJ WKH PRGHO IRU GRPHVWLF DQG
LQWHUQDWLRQDO SHUPLW WUDGH
Dv dq dowhuqdwlyh wr wd{dwlrq/ wkh jryhuqphqw lq wkh frxqwu| zh duh vwxg|lqj fdq
hvwdeolvk d grphvwlf pdunhw iru wudgh lq shuplwv1 Ohwwlqj wklv grphvwlf shuplw pdu0
nhw ehfrph dq lqwhjudwhg sduw ri dq lqwhuqdwlrqdo pdunhw zrxog lqfuhdvh wkh fkdqfhv
ri dfklhylqj d frvwhhfwlyh glvwulexwlrq ehwzhhq grphvwlf dedwhphqw dqg lpsruw ri
shuplwv1 Dw wkh vdph wlph/ wkh gdqjhu ri zhdnhqlqj wkh pdunhw*v h!flhqf| wkurxjk
pdunhw srzhuv lv uhgxfhg1 Wkh grphvwlf jryhuqphqw fdq fuhdwh wkh pdunhw e| hv0
wdeolvklqj d odz vwdwlqj wkdw doo hqwlwlhv pxvw dftxluh shuplwv fruuhvsrqglqj wr wkhlu
juhhqkrxvh jdv hplvvlrqv1W
Wkh dqdo|vlv ehorz exlogv rq wkh dvvxpswlrq wkdw upv fdq iuhho| ex| dqg
vhoo shuplwv rq wkh lqwhuqdwlrqdo pdunhw/ exw dovr wkdw wkh| duh doorfdwhg d fhuwdlq
qxpehu ri shuplwv iuhh ri fkdujh/ ^}/ iurp wkh qdwlrqdo jryhuqphqw1 Wkh jryhuqphqw
lv doorfdwhg d txrwd ^g wkurxjk wkh N|rwr Surwrfro1
Lq dq lvrodwhg grphvwlf shuplw pdunhw/ wkh jryhuqphqw pxvw dxfwlrq ru vhoo r
wkh shuplwv wkdw duh qrw glvwulexwhg iuhh ri fkdujh1 Wkhuh lv/ krzhyhu/ qr uhdvrq wr
krog qdwlrqdo dxfwlrqv li wkhuh lv d zhooehkdylqj shuplw pdunhw dw wkh lqwhuqdwlrqdo
ohyho1 Lq wklv fdvh/ wkh jryhuqphqw fdq vlpso| vhoo wkh shuplwv wkurxjk d shuplw
h{fkdqjh/ zklfk lv olnho| wr eh hvwdeolvkhg hyhqwxdoo|1 Li shuplwv duh qrw doorfdwhg
iuhh ri fkdujh wr grphvwlf dfwruv/ wkh jryhuqphqw fdq wkhq vhoo lwv hqwluh doorwphqw ri
shuplwv rq wkh h{fkdqjh1
Wkh iroorzlqj glvfxvvlrq orrnv dw dgdswlqj wkh prgho iurp wkh wzr suhfhglqj
fkdswhuv1 Iluvw/ wkh qrwlrq ri ehkdylru ri wkh sulydwh vhfwru lv wdnhq lqwr dffrxqw1
Dv ghprqvwudwhg deryh/ hyhq zlwkrxw d N|rwr Surwrfro lw lv vfdoo| suxghqw wr wd{
juhhqkrxvh jdv hplvvlrqv/ dv vhhq lq +61;,1 Doorzlqj iuhh wudgh lq shuplwv zrxog
wkhuhiruh uhvxow lq wkh iroorzlqj surw ixqfwlrq iru wkh sulydwh vhfwru=
ZR ' Ee E n b- |8e REe ^} +714,
Ohw +714, uhsodfh +515, dqg +518,1 Pd{lpl}dwlrq ri ZR zlwk uhvshfw wr e wkxv
uhvxowv lq wkh uvw rughu frqglwlrq Ee ' |8 n R/ zklfk surylghv d qhz ghflvlrq uxoh
Lw zrxog suredeo| eh idu pruh sudfwlfdo wr lqfoxgh glvwulexwlrq frpsdqlhv lq wkh shuplw pdunhw
lqvwhdg ri doo ri wkh lqglylgxdo hplvvlrqv vrxufhv/ krxvhkrogv lq sduwlfxodu1 Wkdw lw suredeo| lv
lpsrvvleoh lq sudfwlfh wr lqfoxgh doo jdvhv2vrxufhv zloo/ iru wkh vdnh ri vlpsolflw|/ eh ryhuorrnhg khuh1
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wr uhsodfh +614,=
e ' eE|8 n R +715,
Vlqfh wkh sulydwh vhfwru pxvw lwvhoi hqvxuh wkdw hqrxjk shuplwv duh dftxluhg
wr fruuhvsrqg wr lwv rzq hplvvlrqv/ wkh jryhuqphqw/ dv phqwlrqhg deryh/ fdq vhoo doo
ri wkh shuplwv lw kdv ehhq doorwwhg lq dffrugdqfh zlwk wkh N|rwr Surwrfro/ zlwk wkh
h{fhswlrq ri wkrvh wkdw lw kdv uhfhlyhg iuhh ri fkdujh1 Dv d uhsodfhphqw iru +516,/ wkh
sxeolf vhfwru*v lqfrph lv qrz fdofxodwhg dv iroorzv=
ZJ ' |8 en-n RE^g  ^} +716,
Wkh uvw wzr whupv rq wkh uljkw0kdqg vlgh ri +716, gr qrw uhtxluh ixuwkhu
h{sodqdwlrq1 Wkh wklug whup lv sxeolf vhfwru lqfrph wkurxjk wkh vdoh ri hplvvlrqv
shuplwv1
Wkh prgho iru wkh shuplw uhjlph wkxv idu frpsulvhv +514,/ +714,/ +716,/ +517,/
dqg +715,1 Wkh ehkdylru ri wkh sxeolf vhfwru pxvw dovr eh ghwhuplqhg= Wkh jryhuq0
phqw pd{lpl}hv wkh zhoiduh lqglfdwru T ' ZR n ZJ zlwk uhvshfw wr wkh srolf| wrrov
|8 / ^}/ dqg -1 Zh fdq hdvlo| vhh iurp +716, wkdw=
- ' ZJ  |8 eE|8 n R RE^g  ^} +717,
Lw lv uhdvrqdeoh wr suhvxssrvh wkdw wkh qxpehu ri iuhh shuplwv pxvw qrw eh
qhjdwlyh1 Wkh rswlpl}dwlrq sureohp iru wkh sxeolf vhfwru fdq wkxv eh irupxodwhg dv
iroorzv=
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Djdlq/ ohw wkh vkdgrz sulfh dvvrfldwhg zlwk wkh exgjhwdu| frqvwudlqwv eh >
dqg wkh vkdgrz sulfh dvvrfldwhg zlwk wkh iuhh shuplwv eh /1 Wkh Odjudqjh ixqfwlrq
fdq wkhq eh ghqhg dv iroorzv=
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Dgmxvwlqj wkh prgho iru grphvwlf dqg lqwhuqdwlrqdo shuplw wudgh 4:
Dv lq wkh wd{dwlrq uhjlph/ lw iroorzv iurp +718, wkdw wkh sxeolf exgjhwdu|
frqvwudlqw lv elqglqj/ wkdw lv/ wkdw ZJ ' C1 Iurp +71:, zh vhh wkdw / ' bRc dqg
ehfdxvh b : f wkh rwkhu frqvwudlqw lv dovr elqglqj/ wkdw lv/ zh vhh wkdw qr shuplwv
vkrxog eh doorfdwhg iuhh ri fkdujh/ surylghg wkdw lv d srvlwlyh h{wud frvw iurp wkh
wd{dwlrq1
Zlwkrxw dq| vljqlfdqw fkdqjhv lq +719,/ zh jhw=
EeEeE n bEeE n |8 eE ' ReE +71;,
Wklv uvw rughu frqglwlrq uhvhpeohv +618,1 Rq wkh uljkw0kdqg vlgh zh fdq
vhh wkdw wkh frvwv dvvrfldwhg zlwk shuplw sxufkdvhv duh qr orqjhu pxowlsolhg e| wkh
pdujlqdo frvwv ri sxeolf ixqgv E n b1 Wklv fruuhvsrqgv wr wkh idfw wkdw wkh lpsruw
ri shuplwv lv qrz qdqfhg e| wkh sulydwh vhfwru/ vr wkdw wkh h{wud frvwv ri sxeolf
qdqflqj duh holplqdwhg1 Rq wkh rwkhu kdqg/ zh vhh wkdw wkh qhjdwlyh whup lq wkh
sduhqwkhvhv rq wkh ohiw0kdqg vlgh lv qrz |8eE/ zkloh wkh frpsdudeoh whup lq +618,
lv |eE ' E|8 n ReE1 D whup htxdo wr wkh h{wud wd{ frvw dvvrfldwhg zlwk shuplw
lpsruw/ zklfk glvdsshduhg rq wkh uljkwkdqg vlgh/ lv wkxv dovr uhpryhg iurp wkh ohiw1
Wkxv lq d shuplw uhjlph/ lqfuhdvhg wd{dwlrq/ zlwk uhgxfhg shuplw lpsruw dv d uhvxow/
zrxog olnho| surylgh d ohvv hhfwlyh glylghqg ehfdxvh lpsruw h{shqvhv zrxog qr orqjhu
eh qdqfhg e| sxeolf exgjhwv1 Exw dw wkh vdph wlph/ lqfuhdvlqj wkh wd{udwh zrxog
uhvxow lq d vpdoohu uhyhqxh hhfw grphvwlfdoo| ehfdxvh wkh wd{udwh qrz lv vpdoohu wkdq
lq wkh wd{dwlrq uhjlph1
Htxdwlrq +71;, fdq eh uhirupxodwhg wr jhw=
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Wklv htxdwlrq lv lghqwlfdo zlwk htxdwlrq +61;, iurp wkh wd{dwlrq uhjlph1 Zkhq
zh wkhq hvwdeolvk wkdw wkh h{wud frvw ri wd{hv b dqg wkh lqwhuqdwlrqdo shuplw sulfh R
duh wkh vdph lq wkh wzr uhjlphv/ zh fdq frqfoxgh wkdw wkh vl}h ri wkh vfdo wd{ |8 lv
wkh vdph lq wkh shuplw uhjlph dqg wkh wd{dwlrq uhjlph1 Wkxv zh fdq dovr hvwdeolvk
wkdw erwk uhjlphv uhvxow lq wkh vdph ehkdylru erwk lq wkh sxeolf dqg sulydwh vhfwruv/
dv vhhq lq +614,/ +61:,/ dqg +715,1 Wkh lqwurgxfwlrq ri d grphvwlf shuplw pdunhw wkdw
lv olqnhg wr wkh lqwhuqdwlrqdo pdunhw zloo/ lq rwkhu zrugv/ uhvxow lq h{dfwo| wkh vdph
ehkdylru lq wkh sulydwh vhfwru dv zdv wkh fdvh lq wkh wd{dwlrq uhjlph1 Lw lv dovr hdv|
wr ghprqvwudwh wkdw wkh qhhg iru dq| rwkhu uhyhqxh/ wkdw lv/ wkh vl}h ri -/ ehfrphv
wkh vdph dv lq wkh wd{dwlrq fdvh1 Lqvhuwlrq ri wkh h{suhvvlrq | @ |8 nR lq htxdwlrq
+615,/ dqg lqvhuwlrq ri ^} ' f lq +717, uhvxowv lq - ehlqj wkh vdph vl}h lq erwk fdvhv1
Lw pljkw vhhp frxqwhulqwxlwlyh wkdw wkh ghjuhh ri grphvwlf dedwhphqw/ dqg
wkhuhe| wkh qhw shuplw lpsruw/ lv lghqwlfdo lq wkh wd{dwlrq dqg shuplw fdvhv1 Lq wkh
wd{dwlrq fdvh/ sxufkdvlqj ri shuplwv lv qdqfhg wkurxjk sxeolf exgjhwv/ dqg wkh uhdo
frvw ri wkh shuplwv lv wkxv wkh shuplw sulfh soxv wkh h{fhvv exughq ri wd{ ixqglqj1 Li
wkh shuplwv duh sxufkdvhg e| wkh sulydwh vhfwru/ dv lq wkh shuplw fdvh/ wkh h{fhvv frvwv
4; Dgmxvwlqj wkh prgho iru grphvwlf dqg lqwhuqdwlrqdo shuplw wudgh
uhodwhg wr sxeolf ixqglqj duh holplqdwhg1 Wkh uhdvrq zk| wkh ghjuhh ri dedwhphqw
lv wkh vdph lq wkh wzr fdvhv lv wkdw/ dv srlqwhg rxw lq wkh glvfxvvlrq ri +71;,/ wkh
uhyhqxh hhfw ri dgmxvwlqj wkh grphvwlf wd{ dw wkh pdujlq lv uhgxfhg frpsdudeo|1
Ohw xv qrz vxppdul}h wkh frqfoxvlrqv gudzq iurp wklv dqg wkh suhfhglqj
fkdswhuv1 Wkh suhylrxv fkdswhu dqdo|}hg wkh ghvljq ri folpdwh srolf| lq d uhjlph
xvlqj grphvwlf wd{dwlrq/ exw qr wudglqj ri shuplwv zlwklq qdwlrqdo erxqgdulhv1 Wkh
jryhuqphqw/ krzhyhu/ zrxog eh iuhh wr ex| dqg vhoo shuplwv rq wkh lqwhuqdwlrqdo
pdunhw1 L kdyh fdoohg wklv wkh wd{dwlrq uhjlph1 Rswlpl}dwlrq lq wkh wd{dwlrq
uhjlph uhvxowhg lq/ lq dgglwlrq wr d vfdoo| edvhg juhhqkrxvh jdv wd{/ wkh h{lvwhqfh
ri dq h{wud ohy| htxlydohqw wr wkh lqwhuqdwlrqdo shuplw sulfh1
Wklv fkdswhu kdv dgguhvvhg dq dqdorjrxv fdvh zkhuh wkh vfdo juhhqkrxvh jdv
wd{ lv uhwdlqhg/ exw zlwk wkh dgglwlrq ri d frpplwphqw wr dftxluh shuplwv fruuh0
vsrqglqj wr wkh dfwxdo hplvvlrqv ehlqj lpsrvhg rq doo dfwruv hplwwlqj juhhqkrxvh
jdvhv1 Wkhvh dfwruv pxvw dftxluh hplvvlrqv shuplwv wkurxjk wudglqj/ dowkrxjk jry0
huqphqwv pd| glvwulexwh d qxpehu ri shuplwv iuhh ri fkdujh1 Lq wklv shuplw uhjlph/
jryhuqphqwv sxw doo ri wkhlu doorfdwhg shuplwv xs iru vdoh rq wkh lqwhuqdwlrqdo shuplw
pdunhw/ dowkrxjk uhvhuylqj wkh rswlrq wr glvwulexwh vrph ri wkhp wr grphvwlf dfwruv
dw qr frvw1 Wkh rswlpl}dwlrq lq wkh shuplw uhjlph uhvxowhg lq wkh uhwdlqlqj ri wkh v0
fdo wd{ dqg vhwwlqj lw dw wkh vdph ohyho dv wkdw ghulyhg lq wkh wd{dwlrq fdvh1 Wkxv wkh
sulydwh vhfwru*v pdujlqdo dedwhphqw frvw lq wkhvh wzr uhjlphv lv wkh vdph/ vxjjhvwlqj
wkdw olnhzlvh wkh ehkdylru ri wkh sulydwh vhfwru lq erwk uhjlphv zloo eh wkh vdph1 Lw
zdv dovr ghprqvwudwhg wkdw wkhvh wzr uhjlphv zrxog jhqhudwh wkh vdph dprxqw ri
sxeolf uhyhqxh/ jlyhq wkdw qr shuplwv duh glvwulexwhg iuhh ri fkdujh1 Wkh juhdwhu wkh
qxpehu ri iuhh shuplwv/ wkh ohvvhu wkh sxeolf lqfrph1 Glylghqgv iurp wkh uhf|folqj
ri uhyhqxh/ ru grxeoh glylghqgv/ zklfk zloo eh glvfxvvhg lq wkh iroorzlqj fkdswhu/
duh frqvhtxhqwo| uhgxfhg e| wkh glvwulexwlrq ri iuhh shuplwv1 Wkxv lq wkhru|/ wkh
hfrqrplf frvw ri frpso|lqj zlwk wkh N|rwr Surwrfro lv wkh vdph lq wkh wzr uhjlphv/
xqghu wkh frqglwlrq wkdw qr shuplwv duh doorfdwhg iuhh ri fkdujh1 Glvwulexwlrq ri iuhh
shuplwv lqfuhdvhv wkh frvwv ri ehlqj lq frpsoldqfh zlwk wkh N|rwr Surwrfro1
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Wkh frqfhsw ri grxeoh glylghqgv lq dvvrfldwlrq zlwk hqylurqphqwdo srolf| kdv ehhq
d iuhtxhqw wrslf ri glvfxvvlrq lq wkh hfrqrplf olwhudwxuh/ d glvfxvvlrq wkdw vhhpv wr
jhqhudwh pruh frqixvlrq wkdq lw doohyldwhv1 D foduli|lqj dqg wkrurxjk vxppdu| ri wkh
ghedwh lv surylghg lq Erkp +4<<:,1 Sduw ri wkh uhdvrq iru wkh frqixvlrq lv shukdsv wkdw
wkh whup grxeoh glylghqg vxjjhvwv wkdw wkhuh duh qr vrflrhfrqrplf frvwv dvvrfldwhg
zlwk dfklhylqj hqylurqphqwdo srolf| jrdov/ vxfk dv wkh N|rwr Surwrfro1 L zloo uhwxuq
wr wklv vkruwo|/ exw uvw L zloo h{dplqh wkh whup pruh forvho|1
Dv idu dv L kdyh ehhq deoh wr hvwdeolvk/ Shdufh +4<<4, fdq eh fuhglwhg zlwk
wkh uvw xvdjh ri wkh whup grxeoh glylghqg lq uhodwlrq wr hqylurqphqwdo wd{hv1
Gdylg Shdufh*v duwlfoh vkrxog wkhuhiruh irup d fhqwudo irfxv iru wkh ghedwh1 Klv
pdlq srlqw zdv dfwxdoo| txlwh vlpsoh1 Kh frpsduhg fkdudfwhulvwlfv ri d fduerq wd{
zlwk gluhfw uhjxodwlrq/ zklfk xqwlo wkdw srlqw kdg ehhq wkh wudglwlrqdo hqylurqphqwdo
srolf| dssurdfk/ dqg kh srlqwhg rxw wkdw d fduerq wd{ kdv wkh vljqlfdqw dgydqwdjh
ri jhqhudwlqj sxeolf lqfrph1 Shdufh uhplqghg xv wkdw wklv lqfrph frxog eh xvhg wr
uhgxfh h{lvwlqj glvwruwlrqdu| wd{hv dqg ohylhv/ zklfk zrxog lq wxuq lqfuhdvh hfrqrplf
hhfwlyhqhvv1 Wkxv dffruglqj wr Shdufh +4<<4,/ hqylurqphqwdo wd{hv surylgh wzr
glylghqgv= rqh hqylurqphqwdo dqg rqh lq wkh irup ri sxeolf uhyhqxh wkdw fdq eh xvhg
wr uhgxfh h{lvwlqj vfdo wd{hv wkdw lpsdlu lqh!flhqf|  d grxeoh glylghqg1W E|
wklv ghqlwlrq/ wkh h{lvwhqfh ri grxeoh glylghqgv vkrxog qrw eh dq| pruh frqwuryhuvldo
wkdq wkh h{lvwhqfh ri d pdujlqdo h{fhvv exughq ri wd{dwlrq1 Wkh dfwxdo vl}h ri wkh
dgglwlrqdo frvwv ri wd{hv lv/ dv lv zhoo nqrzq/ gl!fxow wr hvwlpdwh/ exw wkhuh lv d jrrg
irxqgdwlrq iru dvvxplqj wkdw lw lv vljqlfdqwo| srvlwlyh/ dv ghvfulehg lq/ iru h{dpsoh/
Mrujhqvrq dqg \xq +4<<6,1
Lq wkh |hduv diwhu 4<<4/ wkhuh kdv ehhq frqvlghudeoh ghedwh derxw wkh h{lvwhqfh
ri grxeoh glylghqgv1 Zkdw vhhpv wr kdyh ehhq sduwldoo| irujrwwhq lq wklv glvfxvvlrq
lv wkdw Shdufh xvhg wkh whup lq d frpsdulvrq ri d fduerq wd{ zlwk gluhfw uhjxodwlrq
wr dfklhyh wkh vdph ohyho ri dedwhphqw1 Shdufh*v srlqw zdv wkdw gluhfw uhjxodwlrq
Oljwkduw dqg ydq ghu Sorhj +4<<<, srlqw wrzdugv wkh idfw wkdw vhyhudo Hxurshdq dxwkruv ghqh
wkh vhfrqg glylghqg lq whupv ri lqfuhdvh lq hpsor|phqw dqg2ru uhgxfhg xqhpsor|phqw1 Oljwkduw hw
do1 +4<<<, dovr jlyh wkh lpsuhvvlrq wkdw Shdufh +4<<4, xvhg wkh *whup grxeoh glylghqg* lq wkh vhqvh
wkdw erwk hqylurqphqwdo txdolw| dqg hpsor|phqw ulvh1 Shdufh +4<<4, glg krzhyhu qrw fodlp wkdw
uhyhqxh uhf|folqj vkrxog kdyh dq| hhfwv rq hpsor|phqw ru xqhpsor|phqw1
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zrxog uhvxow lq dw ohdvw wkh vdph ohyho ri frvwv wr dfklhyh wkh vdph dedwhphqw dv d
fduerq wd{ uhjlph/ exw wkdw xqolnh fduerq wd{hv/ lw zrxog qrw jhqhudwh dq| sxeolf
uhyhqxh1 Shdufh*v ghqlwlrq wkxv vxjjhvwv wkdw d fduerq wd{ frxog surylgh d grxeoh
glylghqg rqo| lq d uhodwlyh vhqvh/ l1h1/ lq frpsdulvrq wr gluhfw uhjxodwlrq/ exw qrw lq dq
devroxwh vhqvh1 Ehfdxvh pdq| dsshduhg wr ryhuorrn wkhvh qxdqfhv/ zh kdyh kdg d orqj
glvfxvvlrq derxw zkhwkhu hplvvlrqv uhgxfwlrqv frxog surylgh dq hfrqrplf glylghqg lq
dq devroxwh vhqvh/ hyhq zkhq wkh hqylurqphqwdo glylghqgv duh qrw wdnhq lqwr dffrxqw1
Wklv lv zkdw Jrxoghu +4<<8, fdoov vwurqj grxeoh glylghqgv/ exw zkdw Shdufh +4<<4,
qhyhu fodlphg h{lvwhg1_ Zkhq rqh vwlfnv wr Shdufh*v ghqlwlrq ri wkh whup lw lv
dfwxdoo| txlwh reylrxv wkdw grxeoh glylghqgv h{lvw dqg duh ri juhdw lpsruwdqfh lq
hqylurqphqwdo srolf|1
Qdwxudoo|/ krzhyhu/ pdq| kdyh frqfoxghg wkdw vwurqj grxeoh glylghqgv jhq0
hudoo| gr qrw h{lvw1 Wklv lv dovr d nlqg ri frqwudglfwlrq1 Li d fduerq wd{ zhuh wr surylgh
dq hfrqrplf glylghqg/ zlwkrxw hyhq wdnlqj lqwr dffrxqw uhgxfhg joredo zduplqj/ wkhq
rqh fdq frqfoxgh wkdw wkh wd{ v|vwhp pxvw kdyh ehhq srruo| ghvljqhg wr ehjlq zlwk1
Wkdw lv wr vd|/ d wd{ uhirup vkrxog kdyh ehhq lpsohphqwhg luuhvshfwlyh ri wkh juhhq0
krxvh sureohp1 Zkhq zh vd| wkdw vwurqj grxeoh glylghqgv h{lvw/ zh wkxv wdnh lqwr
dffrxqw wkh ehqhwv ghulyhg iurp wzr uhirupv= rqh vfdo uhirup dqg rqh hqylurq0
phqwdo uhirup1 D uhfhqw dqdo|vlv ri vfdo dqg hqylurqphqwdo wd{ uhirupv dqg ydulrxv
w|shv ri glylghqgv lv irxqg lq Eryhqehuj dqg ydq ghu Sorhj +4<<;,1
Rqh ri wkh uhdvrqv wkdw vxfk d frpsuhkhqvlyh ghedwh derxw grxeoh glylghqgv
durvh lq wkh uvw sodfh zdv shukdsv wkdw Shdufh +4<<4, pdgh d srlqw ri vd|lqj wkdw
fduerq wd{hv frxog jhqhudwh d juhdw ghdo ri sxeolf uhyhqxh lq devroxwh whupv1 Wklv
kdv ehhq txhvwlrqhg e| vhyhudo dxwkruv/ lqfoxglqj Eryhqehuj dqg gh Prrlm +4<<7,
dqg Sduu| +4<<7,1 Wkh uhdvrq iru wkh grxew lv wkdw fduerq wd{hv frxog srwhqwldoo|
zhdnhq rwkhu vrxufhv ri uhyhqxh/ sduwlfxoduo| ehfdxvh fduerq wd{hv zrxog uhvxow lq
kljkhu sulfhv iru frqvxphuv dqg wkxv uhvxow lq uhgxfhg uhwxuq rq oderu1 Wkxv/ uhgxfhg
vxsso| ri oderu frxog eh wkh uhvxow/ zlwk wkh dffrpsdq|lqj zhdnhqlqj ri wkh sxeolf
exgjhw1 Dv Erkp +4<<:/ 4<<;, srlqwv rxw/ dedwhphqw wkurxjk gluhfw uhjxodwlrq zrxog
dovr uhdvrqdeo| eh h{shfwhg wr zhdnhq h{lvwlqj uhyhqxh vrxufhv li d fduerq wd{ zrxog
gr vr1 Erkp +4<<:, dv zhoo dv Eryhqehuj dqg ydq ghu Sorhj +4<<;, fdvwv grxew rq
zkhwkhu d fduerq wd{ zrxog hqg xs zhdnhqlqj rwkhu uhyhqxh vrxufhv1 Uhjdugohvv ri
zkhwkhu Shdufh +4<<4, dfwxdoo| ryhuudwhg wkh devroxwh uhyhqxh glylghqg ri d fduerq
wd{/ kh glg qrw ryhuudwh wkh uhyhqxh glylghqg uhodwlyh wr gluhfw uhjxodwlrq1
Wkh uhdvrq zk| wkh frqfhsw ri grxeoh glylghqg vhhpv wr kdyh fuhdwhg vr
pxfk frqixvlrq lv suredeo| ehfdxvh lw jlyhv d idovh lpsuhvvlrq ri hqylurqphqwdo srolf|
ehlqj frvwohvv1 Lw lv lpsruwdqw wr dfnqrzohgjh wkdw wkhuh duh dovr frvwv dvvrfldwhg
zlwk dfklhylqj hqylurqphqwdo jrdov1 Shdufh*v srlqw zdv wkdw wkhvh frvwv frxog eh
uhgxfhg frqvlghudeo| li lqvwuxphqwv wkdw jhqhudwh sxeolf lqfrph zhuh hpsor|hg/ dqg
|D vwurqj grxeoh glylghqgv lv dq lpsrvvlelolw| lq wkh prgho xvhg lq wklv sdshu1 Lq vxfk d fdvh/
wkh vfdo wd{ wI wkdw pd{lpl}hg wkh zhoiduh lqglfdwru Y frxog qrw kdyh ehhq vhw rswlpdoo| lq wkh
uvw sodfh1
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li wklv lqfrph zhuh xvhg wr uhgxfh h{lvwlqj vfdo wd{hv dqg ohylhv1 Li wklv lv lqfoxghg
lq wkh fdofxodwlrq ri wkh frvwv ri folpdwh srolf|/ wkh frvw hvwlpdwhv zrxog eh dgmxvwhg
grzqzdug/ exw wkh| zrxog qrw eh holplqdwhg/ dv iru h{dpsoh ghvfulehg lq Hnlqv
+4<<8,1 Lqvwhdg ri xvlqj wkh whup grxeoh glylghqgv/ lw pljkw eh pruh xvhixo khuh
wr xvh wkh pruh lqwxlwlyh frqfhsw ri ehqhwv iurp uhyhqxh uhf|folqj/ dv ghvfulehg
lq Jrxoghu +4<<8,1
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Wklv fkdswhu dgguhvvhv wkh fruuhodwlrq ehwzhhq iuhh shuplwv dqg up forvxuh1 Ohw xv
orrn dw d vlqjoh up lq wkh sulydwh vhfwru wkdw kdv wkh surw=W
ZEec |8 c Rc ^} ' Ee |8 e  REe  ^} +914,
Iru wkh shuplwv wkdw duh qrw iuhh ri fkdujh/ wkh up sd|v wkh lqwhuqdwlrqdo
shuplw sulfh R1 Surw pd{lpl}dwlrq jlyhv 

Ee ' |8 n R1 Zh vhh wkdw wkh qxpehu
ri iuhh shuplwv grhv qrw dhfw ehkdylru1 Hplvvlrqv duh ghwhuplqhg rqo| e| wkh vfdo
wd{ dqg wkh lqwhuqdwlrqdo shuplw sulfh1 Ohw eW eh wkh ohyho ri hplvvlrqv wkdw vdwlvhv
wklv uvw rughu frqglwlrq1 Lq rwkhu zrugv/ eW lv wkh rswlpdo ohyho ri hplvvlrqv iru up
 dovr iurp d vrfldo srlqw ri ylhz1
Wkh dvshfw ri wlph pxvw eh phqwlrqhg khuh1 Doo ri wkh yduldeohv duh vhhq dv
 rz yduldeohv1 Wklv phdqv wkdw/ iru h{dpsoh/ e uhsuhvhqwv hplvvlrqv shu xqlw ri wlph/
^} uhsuhvhqwv iuhh shuplwv shu xqlw ri wlph/ ZR surw shu xqlw ri wlph/ hwf1 Vwulfwo|
vshdnlqj/ doo ri wkh yduldeohv vkrxog kdyh kdg d vxevfulsw ghslfwlqj wkh shulrg ri
wlph1 Iru wkh vdnh ri vlpsolflw|/ wkdw kdv qrw ehhq grqh khuh1 Qr rwkhu fkdqjhv
dsduw iurp wkh rqhv glvfxvvhg khuh duh h{shfwhg wr wdnh sodfh ryhu wlph1 Wkh lvvxhv
ri glvfrxqwlqj dqg xqfhuwdlqw|/ hwf1/ wkxv ehfrph luuhohydqw1
Dvvxph wkdw wkh fulwhuld iru d up wr uhfhlyh iuhh shuplwv uhpdlq xqfkdqjhg
ryhu wlph dqg duh nqrzq  iru h{dpsoh/ edvhg rq 4<<3 hplvvlrqv1 Lw fdq vlploduo|
eh dvvxphg wkdw wkh qxpehu ri iuhh shuplwv doorfdwhg lq hyhu| vxevhtxhqw shulrg lv
edvhg rq d {hg shufhqwdjh ri d up*v hplvvlrqv lq 4<<3/ dqg wkdw vxfk shuplwv duh
doorfdwhg luuhvshfwlyh ri surgxfwlrq ghyhorsphqw ru srvvleoh forvxuh1 Wkh up fdq
wkxv forvh grzq dqg wkhuhe| vhoo doo ri lwv shuplwv iru doo ixwxuh shulrgv/ zklfk zrxog
uhvxow lq d frqvwdqw lqfrph  rz htxlydohqw wr R^} iurp wkh srlqw ri forvxuh1
Dvvxph wkdw zh duh dw wkh srlqw lq wlph zkhq wkh shuplw pdunhw lv hvwdeolvkhg1
Wkh up wkxv uhfhlyhv qhz rshudwlqj frqglwlrqv dqg forvhv grzq li=
ZEe
W
 c |8 c Rc ^}  R^}
Zh orrn dw wkh surw dv d  rz/ wkdw lv/ surw shu xqlw ri wlph1 Wkh shuplwv kdyh d olihwlph ri
rqh xqlw ri wlph1 Iru wkh vdnh ri vlpsolflw|/ zh zloo ljqruh wkh hhfwv ri wd{hv dqg ohylhv rwkhu wkdq
juhhqkrxvh jdv wd{hv1
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Zh fdq qhyhuwkhohvv vhh wkdw R^} dsshduv rq erwk vlghv ri wkh lqhtxdolw| vljq1
Wkh whup fdq wkxv eh holplqdwhg iurp erwk vlghv dqg zh jhw d fulwhulrq iru forvxuh
wkdw lv lqghshqghqw ri wkh h{whqw wr zklfk iuhh shuplwv duh glvwulexwhg1 Iuhh shuplwv/
lq rwkhu zrugv/ gr qrw kdyh dq| hhfw rq wkh h{whqw ri up forvxuhv1_
Phhwlqj wkhvh forvxuh fulwhuld lv lq olqh zlwk d frvw0hhfwlyh folpdwh srolf|1 Li
rqh dwwhpswv wr klqghu vxfk forvxuhv/ d frvw0hhfwlyh doorfdwlrq ri dedwhphqw phdvxuhv
lv qrw dfklhyhg1 Wkh forvxuhv wkdw gr rffxu vkrxog eh frqvlghuhg frvw0hhfwlyh folpdwh
phdvxuhv1
Lq lwv pdqgdwh wr wkh Qruzhjldq Frpplvvlrq rq d grphvwlf pdunhw iru juhhq0
krxvh jdv hplvvlrq shuplwv/ wkh Qruzhjldq sduoldphqw/ 7|Jo|?}e|/ kdv vwdwhg wkdw lw
zloo olplw wkh vdohv ri iuhh shuplwv diwhu up forvxuh1 Wr revhuyh wkh hhfwv ri vxfk d
v|vwhp zlwklq wkh prgho xvhg khuh/ ohw xv dvvxph wkdw wkh iuhh shuplwv duh doorfdwhg
dv orqj dv surgxfwlrq lv pdlqwdlqhg1 Iurp wkh wlph wkdw surgxfwlrq lv vwrsshg/ qr
pruh iuhh shuplwv zloo eh lvvxhg1 Lq wkdw fdvh/ wkh fulwhulrq iru forvxuh lv dv iroorzv=
Ee
W
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Khuh zh vhh wkdw iuhh shuplwv dsshdu rqo| rq wkh ohiw0kdqg vlgh dqg wkxv pdnh
d glhuhqfh1 Vxfk d fulwhulrq iru forvxuh zrxog klqghu up forvxuh1 Krzhyhu/ wklv dovr
klqghuv up forvxuhv wkdw/ dw ohdvw zlwklq wkh iudphzrun ri wklv prgho/ vkrxog kdyh
wdnhq sodfh iurp d vrfldo srlqw ri ylhz1 Wkh srlqw lv wkdw wkh shuplw sulfh uhsuhvhqwv
wkh vkdgrz sulfh ri juhhqkrxvh jdv hplvvlrqv lq d frxqwu| wkdw kdv djuhhg wr frpso|
zlwk wkh N|rwr Surwrfro1 Li d up fdqqrw rshudwh surwdeo| jlyhq d zhoo0ehkdylqj
shuplw pdunhw/ lw lv xqolnho| wkdw lw fdq eh ehqhfldo lq vrfldo whupv1
Wkhuh fdq/ ri frxuvh/ eh rwkhu flufxpvwdqfhv wkdw zrxog phdq wkdw sulydwh
surwdelolw| dqg d vrfldo vxusoxv lq wkh fdvh ri dq xquhvwulfwhg shuplw pdunhw pd| qrw
dozd|v fruuhvsrqg1 Wkhuh duh d qxpehu ri frqglwlrqv wkdw duh qrw lqfrusrudwhg lq wkh
vlpsoh prgho dssolhg khuh dqg wkdw fdq lq idfw olh ehklqg wkh uhdvrq wkdw 7|Jo|?}e|
lq idfw zlvkhv wr sodfh uhvwulfwlrqv rq wkh vdoh ri iuhh shuplwv1 Rqh vxfk frqglwlrq/ wr
jlyh dq h{dpsoh/ pljkw eh d ghvluh wr pdlqwdlq vshfldo fruqhuvwrqh lqgxvwulhv ehfdxvh
wkh| duh frqvlghuhg wr sod| dq lpsruwdqw uroh lq srsxodwlrq vhwwohphqw sdwwhuqv/ hwf1
Wkh prgho xvhg lq wklv duwlfoh lv qrw ghvljqhg wr wdnh lqwr dffrxqw vxfk srolwlfdo
uhdvrqv iru olplwlqj wkh qxpehu ri up forvxuhv lq uhodwlrq wr zkdw dq xquhvwulfwhg
shuplw pdunhw zrxog ohdg wr1 Li frvw0hhfwlyhqhvv lv wkh pdlq frqfhuq/ lw vkrxog
|Vhh dovr Nrxvwddo +4<<:,/ zkr dovr glvfxvvhv wr zkdw h{whqw wkh doorfdwlrq ri iuhh shuplwv wr
h{lvwlqj upv fdq frqvwlwxwh d klqgudqfh wr wkh hvwdeolvkphqw ri qhz upv1
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qhyhuwkhohvv eh srlqwhg rxw wkdw d v|vwhp doorzlqj wkh glvwulexwlrq ri iuhh shuplwv
wkdw fdqqrw eh vrog xsrq forvxuh kdv wzr grzqvlghv=
Iluvw/ wkhuh zrxog qr orqjhu eh d frvw0hhfwlyh glvwulexwlrq ri dedwhphqw1 Lq
sudfwlfh/ wkh v|vwhp zrxog eh qr glhuhqw wkdq d nlqg ri surgxfwlrq vxevlg| zlwk wkh
grzqvlghv wkdw vxfk vxssruw lpsolhv1 Wklv hohphqw lv pdgh fohdu lq wkh prgho xvhg
deryh1
D vhfrqg sureohp/ rqh wkdw fdq*w eh fodulhg e| wkh prgho/ lv wkdw wkh frqfhsw
ri up forvxuh lv qrw doo wkdw vwudljkwiruzdug1 Qr hpsor|hhv dqg qr surgxfwlrq lv
kdugo| d sudfwlfdo fulwhulrq iru dfklhylqj wkh ghvluhg remhfwlyh1 Lq wkdw fdvh/ upv
zrxog eh deoh wr pdlqwdlq wkhlu shuplwv zlwk rqo| rqh hpsor|hh dqg plqlpdo sur0
gxfwlrq1 Qhyhuwkhohvv/ wkh whup forvxuh kdv wr eh ghqhg lq rqh zd| ru dqrwkhu1
Lw fdq eh gl!fxow wr dyrlg wkhvh ghqlwlrqv ehfrplqj dq lqylwdwlrq wr lqgxvwulhv wr
xqghuwdnh dgdswdwlrqv wkdw pd| eh luudwlrqdo iru vrflhw| dv d zkroh1 Wklv zrxog
lpso| vrfldo frvwv1
Vwruwlqjhw *v ghvluh wr surklelw ixuwkhu vdoh ri wkh iuhh shuplwv diwhu forvxuh
zrxog kdyh zrunhg zhoo li wkh upv lq txhvwlrq kdg rqo| wzr rswlrqv= hlwkhu pdlqwdlq
surgxfwlrq dqg hpsor|phqw dw fxuuhqw ohyhov ru forvh grzq1 Ehfdxvh prvw upv
lq sudfwlfh fdq fkrrvh iurp d zlgh udqjh ri plggoh0jurxqg rswlrqv/ wklv w|sh ri
uhvwulfwlrq rq wudgh fdq kdyh xqiruwxqdwh frqvhtxhqfhv1
Lw kdv dovr ehhq sursrvhg wkdw shuplwv frxog eh doorfdwhg iru d olplwhg shulrg
ri wlph/ wkxv dyrlglqj wkh doorfdwlrq ri qhz iuhh shuplwv wr upv wkdw kdyh forvhg grzq
e| wkh ehjlqqlqj ri wkh qh{w shulrg1 Wklv zrxog doorz wkh xvh ri iuhh shuplwv wr olplw
wkh qxpehu ri forvxuhv zlwkrxw sxwwlqj uhvwulfwlrqv rq wkh shuplw pdunhw1 Wklv lv d
uhdglo| dssduhqw vroxwlrq/ exw lw grhv qrw/ krzhyhu/ dyrlg wkh sureohpv ri uhgxfhg
frvw0hhfwlyhqhvv/ dgdswdwlrq wr wkh ghqlwlrq ri forvxuh/ hwf1/ dv ghvfulehg deryh1
Wkh orqjhu wkh wlph shulrg wkh shuplwv duh doorfdwhg iru/ wkh vpdoohu wkhvh sureohpv
zloo eh1 Exw dovr wkh zhdnhu wkh ghvluhg hhfw zloo eh/ qdpho| ihzhu forvxuhv1 Lq
dgglwlrq/ wkh frpplwphqw lv orqj/ dqg wkh ydoxh ri wkh iuhh shuplwv wkdw duh doorfdwhg
zrxog eh juhdw1 Wkxv sxeolf exgjhwv duh zhdnhqhg iru d frpsdudeoh shulrg ri wlph1h
Ilqdoo|/ lw pxvw eh srlqwhg rxw wkdw d v|vwhp ri iuhh shuplwv frqwlqjhqw xsrq
frqwlqxhg surgxfwlrq lv fohduo| glvwruwlqj lq whupv ri frpshwlwlrq dqg wkxv shukdsv
zrxog eh vhhq dv loohjdo zlwklq wkh HHD duhd/ dv glvfxvvhg e| Nrxwvwddo +4<<:,1 Li
iuhh shuplwv duh wr eh frpsdwleoh zlwk wkh lqwhqwlrqv ri HHD uhjxodwlrqv/ wkh| pxvw
eh glvwulexwhg xqfrqglwlrqdoo|/ wkdw lv/ qrw frqwlqjhqw xsrq ixwxuh surgxfwlrq  exw
wkhq wkh| zrxog qr orqjhu kdyh/ dv ghvfulehg deryh/ dq| hhfw rq wkh qxpehu ri
forvxuhv1
}Wkh pdunhw iru wudgdeoh vxoixu shuplwv lq wkh XVD lv pdlqo| edvhg rq iuhh shuplwv1 Wkh| zhuh
doorfdwhg rq wkh edvlv ri sdvw hplvvlrqv iru d shulrg ri 68 |hduv/ zlwkrxw uhvwulfwlrqv rq wkh uljkw wr
uh0vhoo diwhu forvxuh1
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Wkh uvw sduw ri wklv duwlfoh suhvhqwhg d vlpsoh wkhruhwlfdo prgho wr vwxg| wkh rswlpdo
wd{ rq juhhqkrxvh jdv hplvvlrqv lq d frxqwu| wkdw kdv djuhhg wr frpso| zlwk wkh N|0
rwr Surwrfro/ exw wkdw frqwlqxhv wr xvh wd{hv wr uhjxodwh grphvwlf hplvvlrqv1 Jlyhq
wkh h{lvwhqfh ri d zhoo0ehkdylqj lqwhuqdwlrqdo shuplw pdunhw/ lw zdv ghprqvwudwhg
wkdw wkh jryhuqphqw vkrxog sodfh dq hqylurqphqwdo wd{ rq juhhqkrxvh jdv hplvvlrqv/
rq wrs ri d vfdo wd{/ dqg wkdw wkh hqylurqphqwdo wd{ vkrxog eh htxdo wr wkh shuplw
sulfh rq wkh lqwhuqdwlrqdo pdunhw1 Lq dgglwlrq/ lw zdv ghprqvwudwhg wkdw wkh lqwur0
gxfwlrq ri wkh N|rwr0edvhg hqylurqphqwdo wd{ vkrxog hqfrxudjh wkh jryhuqphqw wr
dgmxvw wkh ohyho ri wkh vfdoo| edvhg wd{1 Wkh hqylurqphqwdo wd{ pxvw  xfwxdwh lq
dffrugdqfh zlwk wkh lqwhuqdwlrqdo shuplw sulfh wr hqvxuh frvw0hhfwlyhqhvv1 Krzhyhu/
lw lv ghedwdeoh zkhwkhu vxfk d v|vwhp lv sudfwlfdo dqg vxlwdeoh1
Wkh irxuwk fkdswhu ri wklv duwlfoh orrnhg dw wkh hvwdeolvkphqw ri d grphvwlf
pdunhw iru wudgdeoh shuplwv wkdw zrxog eh lqwhjudwhg lq wkh lqwhuqdwlrqdo shuplw
pdunhw dqg frpsduhg wklv wr d wd{dwlrq uhjlph1 Lw zdv dujxhg wkdw wkh sxeolf vhfwru
vkrxog surylgh mxvw dv vwurqj lqfhqwlyhv wr xqghuwdnh dedwhphqw lq d shuplw uhjlph dv
lq wkh wd{dwlrq uhjlph1 Li wklv lv lqghhg wkh fdvh/ wkhq d uhjlph zlwk wudgdeoh shuplwv
zrxog uhvxow lq wkh vdph ehkdylru lq wkh sulydwh vhfwru dv zrxog wkh wd{dwlrq uhjlph1
Lw zdv ixuwkhu pdlqwdlqhg wkdw jlyhq frvw0hhfwlyhqhvv frqvlghudwlrqv/ iuhh shuplwv
vkrxog qrw eh doorfdwhg ehfdxvh wkh| doorz ohvv urrp iru wd{ uholhi dqg wkhuhe| zrxog
uhgxfh grxeoh glylghqgv1 Iuhh shuplwv doorfdwhg rq wkh edvlv ri sdvw hplvvlrqv zrxog
qrw fkdqjh wkh ehkdylru ri wkh sulydwh vhfwru dv orqj dv wkh iuhh shuplwv zhuh dovr
iuhho| wudgdeoh dqg glvwulexwhg zlwkrxw uhvwulfwlrqv frqwlqjhqw xsrq/ iru h{dpsoh/
up forvxuh1
Wkh qrwlrq ri grxeoh glylghqgv zdv dovr glvfxvvhg/ dqg lw zdv vkrzq wkdw
grxeoh glylghqgv/ dv wkh whup zdv ruljlqdoo| ghqhg/ zrxog xqgrxewhgo| eh jhqhudwhg
e| d frvw0hhfwlyh folpdwh srolf|1 Wklv vxjjhvwv wkdw d juhhqkrxvh jdv wd{/ dv zhoo
dv wudgdeoh shuplwv/ zrxog uhgxfh wkh hfrqrplf frvwv ri frpso|lqj zlwk wkh N|rwr
Surwrfro*v uhtxluhphqwv frpsduhg wr gluhfw uhjxodwlrq/ zklfk grhv qrw surylgh sxeolf
uhyhqxh1 Wkh srlqw lv wkdw wkh sxeolf uhyhqxh jhqhudwhg e| d juhhqkrxvh jdv wd{/
ru wudgdeoh shuplwv/ frxog eh xvhg wr uhgxfh rwkhu h{lvwlqj/ glvwruwlrqdu| wd{hv/ dqg
wkxv surylgh ehwwhu uhvrxufh xwlol}dwlrq lq wkh hfrqrp|1 Krzhyhu/ lw zdv dovr dujxhg
wkdw/ uhjdugohvv ri srolf| ghvljq/ wkhuh lv d vljqlfdqw ryhudoo frvw dvvrfldwhg zlwk
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phhwlqj folpdwh remhfwlyhv1 Li wklv zhuh qrw wkh fdvh/ wkhq wkh srolf| vkrxog kdyh
ehhq lpsohphqwhg uhjdugohvv ri wkh N|rwr Surwrfro1 Lq wkdw fdvh/ wkh vfdo wd{hv
fdqqrw kdyh ehhq fruuhfwo| vhw lq wkh uvw sodfh dqg d vfdo wd{ uhirup vkrxog eh
fdoohg iru1
Iuhh shuplwv zhuh ruljlqdoo| sursrvhg wr klqghu forvxuh ri yxoqhudeoh lqgxvwuldo
upv zlwk odujh juhhqkrxvh jdv hplvvlrqv1 Lw zdv qhyhuwkhohvv dujxhg wkdw vxfk d
v|vwhp grhv qrw klqghu forvxuhv dv orqj dv wkh shuplwv duh iuhho| wudgdeoh dqg wkh
doorfdwlrq fulwhuld duh vwdeoh dqg edvhg rq/ iru h{dpsoh/ sdvw hplvvlrqv1 Lq wklv fdvh/
wkh olihwlph ri wkh shuplw dovr kdv qr hhfw rq ghflvlrqv wr forvh grzq1 Ilqdoo|/ lw
zdv glvfxvvhg zkhwkhu pdnlqj doorfdwlrq ri iuhh shuplwv frqwlqjhqw xsrq frqwlqxhg
surgxfwlrq zrxog khos klqghu forvxuh/ exw lw zdv dujxhg wkdw wklv zrxog ohdg wr wkh
suhyhqwlrq ri forvxuhv wkdw zrxog kdyh dfwxdoo| ehhq vrflrhfrqrplfdoo| vrxqg1 D
qxpehu ri sureohpv wkdw zrxog rffxu li doorfdwlrq ri iuhh shuplwv zhuh xvhg dv d wrro
iru klqghulqj forvxuh zhuh dovr glvfxvvhg1 Vxfk d vfhqdulr zrxog ulvn wkh ghyhorsphqw
ri/ lq hfrqrplf whupv/ dq xqvrxqg lqgxvwuldo vwuxfwxuh dgdswhg wr uhjxodwlrqv iru
doorfdwlrq ri iuhh shuplwv1
Zh kdyh frqfoxghg wkdw dv idu dv hfrqrplf h!flhqf| lv frqfhuqhg grphvwlf
hplvvlrqv wudglqj dqg hplvvlrqv wd{hv duh yhu| vlplodu wrrov lq qdwlrqdo folpdwh sro0
lf|1 Erwk wkhvh wrrov frxog jlyh ulvh wr d frvwh!flhqw doorfdwlrq ri dedwhphqw hruwv1
Qhyhuwkhohvv/ wudgdeoh hplvvlrqv shuplwv duh surprwhg e| sulydwh hqwhusulvhv lq vhy0
hudo frxqwulhv1 Wklv suhihuhqfh iru wudgdeoh shuplwv fdq*w wkhuhiruh eh h{sodlqhg iurp
h!flhqf| uhdvrqv1 Lw lv frqvhtxhqwo| qdwxudo wr xqghuvwdqg wkh suhihuhqfhv lq oljkw
ri wkh srolf|wrro*v glvwulexwlrqdo dvshfwv1 Wkh nh| hohphqw khuh lv wkh srvvlelolw| iru
glvwulexwlrq ri shuplwv iuhh ri fkdujh= Zkloh hplvvlrqv wd{hv kdyh wr eh sdlg e| doo
hplwwhuv/ wkh glvwulexwlrq ri shuplwv iuhh ri fkdujh frxog wxuq rxw eh dq lpsruwdqw
hohphqw lq wudgdeoh shuplw uhjlphv1 Glvwulexwlrq ri shuplwv iuhh ri fkdujh zrxog
phdq d uhglvwulexwlrq ri lqfrph iurp wd{sd|huv lq jhqhudo/ iru h{dpsoh wkh krxvh0
krogv ghshqglqj rq krz wkh iuhh shuplwv duh ixqghg/ wr sulydwh hqwhusulvhv1 Wklv
glvwulexwlrqdo dvshfw ri wkh wzr srolf| wrrov wkdw kdyh ehhq dqdo|}hg lq wklv sdshu
pljkw eh lpsruwdqw lq rughu wr xqghuvwdqg wkh pdqxidfwxulqj lqgxvwulhv surprwlrq
ri wudgdeoh shuplwv dqg wkhlu uhvlvwdqfh djdlqvw fruuhvsrqglqj wd{hv1
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